We have isolated a mutant of E. coli whose maximal rate of synthesis of lac mRNA is 25-fold greater than that of its parental wild-type strain. The mutant also shows alterations in the kinetics of ,-galactosidase synthesis, the functional half-life of fl-galactosidase mRNA, and the properties of lac repressor.
The lactose (lac) operon of Escherichia coli consists of three coordinately transcribed structural genes (z, y, and a) encoding, respectively, g-galactosidase, galactoside permease, and thiogalactoside transacetylase, an operator region (o), the site of action of lac repressor, and a promotor region (p), the site of initiation of transcription by RNA polymerase (1). The repressor (i) gene lies adjacent to the lac operon and is transcribed separately, though from the same DNA strand (2). The order of these genetic elements is ipozya.
The lac promoter consists of two RNA polymerase initiation sites: a catabolite-sensitive initiation site and a cataboliteinsensitive initiation site (3). Initiation at the first but not at the second site requires cyclic AMP and CAP protein (cyclic AMP-binding protein; ref.
3). The second site is about 2% as efficient as the first (3, this paper). lac promoter mutants are known which yield less than the normal amounts of the lac enzymes after induction (4) . There are no known promoter mutants which yield higher levels than the wild type, although some operator mutants synthesize as much as twice the normal amounts of the lac enzymes (5) .
We recently undertook a search for mutants which would express lac operon functions for a long period after a brief exposure to the gratuitous inducer IPTG (isopropyl-#%D-thiogalactoside). Such a phenotype, we hoped, would be associated with lac mRNA of greater than normal stability. Among approximately 1000 isolates tested after nitrosoguanidine mutagenesis, one had the desired phenotype. We show here that this strain has lac mRNA of only slightly altered functional half-life but synthesizes about 25 times more lac mRNA than does the wild type. In another publication, we show that the mutation lac-741 lies in the lac o-distal portion of the i gene (Bruenn and De Lucia-Curtin, manuscript in preparation). (10) . DNA from F'lac strains, for determinations of lac DNA, was denatured by boiling for 15 min in 0.1 N NaOH. After an initial 6-hr incubation in Denhardt's medium at 370 (10) , hybridizations were carried out at 370 for 3 days in 50% formamide, 0.30 M NaCl, 0.03 M citrate buffer (pH 7.0) and in the presence of 16,ug/ml of yeast tRNA. Reaction mixtures were then processed to isolate the RNasestable hybrids (11) , and counted in toluene scintillator fluid in an Intertechnique scintillation counter. Competition hybridizations were performed in two steps (11) with X and Xplac5 DNA filters carrying 0.1 ug of denatured DNA. The initial hybridizations with nonradioactive RNA were performed as above. Any remaining pancreatic RNase was inactivated with iodoacetate as described by Zimmerman (12 Bade (13) . DNA was purified from Sarkosyl lysates (14) by last is shown by the ability of the mutant to grow on raffinose in minimal medium (data not shown). Typically, lac-741 haploid strains in the logarithmic phase of growth have about 20% of their fully induced f3-galactosidase specific activity, whereas full i-strains have 100%. Various diploids were constructed in order to determine the effects of lac-741 in cis and in trans. The original mutation was transduced from the haploid E101 to a strain which was F'lac z-proA +, B+/A(lac pro), selecting for Lac+. lac-741 was 93% cotransducible with this lac z mutation (U118). One of the transductants was then crossed to (lac pro) deletion strains lysogenic for defective phages carrying portions of the lac operon. The result is that lac-741 is dominant in cis (E741) but not in trans (E151). Since lac-741 maps within the i gene (Bruenn and De LuciaCurtin, in preparation), it would be expected that lac-741 strains would produce an altered lac repressor. In fact, lac-741 does confer partial loss of the operator binding activity of lac repressor (E154). lac-741 strains are repressible, since (in the diploid E129) lac-741 appears to be recessive to iQ, a mutation which results in an increased rate of synthesis of lac repressor (16 (17) .
The differential rate of synthesis of 3-galactosidase in lac+ strains is constant in any given set of conditions (18) 
is not the case with E741. Fig. 1 illustrates the behavior of E101 (F'lac-741), the isogenic haploid strain E102 (F'lac+), and E129 (F'lac-741/iQ) when exposed to a constant concentration of IPTG (0.5 mM analysis were taken at various differential rates of synthesis. The differential rate of synthesis in E102 was 35 and in E101 was 100 and 300 when RNA samples were taken. The two initial samples of wild-type and mutant RNA were both taken 1 hr after induction. Two-step competition hybridizations were performed as described in Materials and Methods. In this procedure, nonspecific competition is eliminated, since we measure only the amount of RNase-stable hybrids formed between unlabeled lac mRNA and lac DNA on the filters (11) . Two separate types of control show this to be true. First, the amount of X-specific RNA bound to the filters in the second hybridization is independent of the prehybridization. Second, Xplac5 filters treated in the same way as the prehybridized filters but without added nonradioactive RNA, or with RNA from the lac deletion strain 532 grown in the presence of IPTG, bind the same amount of 32p in vitro lac mRNA as untreated filters.
The results of the competition hybridization experiments are shown in Fig. 4 . If we assume that the RNAs from E101 and E102 are competing for the same lac-specific sequences of 25 times that of the wild type. This is true at both differential rates of synthesis of j3-galactosidase, which were estimated, as described in Table 1 , from measurements taken every 5 min on the same cultures harvested for determination of total RNA. A repetition of the competition hybridization experiment with another, independent, set of nonradioactive RNA samples gave identical results.
We examined the half-life of f3-galactosidase mRNA to determine if the increased quantity of lac mRNA in E101 (F'-lac-741/Alac) was due to ,3-galactosidase mRNA of grossly altered stability. Strains were grown to mid-log phase in glucose minimal medium at 320 and induced with 0.5 mM IPTG followed, 1 min later, by 200 ,Ag/ml of rifampicin. (21) .
Since lac-741 lac mRNA has the same chemical half-life as wild-type lac mRNA, we conclude that the lac-741 promoter is 25 times as efficient as the wild-type lac promoter. A rough calculation based on the number of rRNA cistrons (22) shows the lac-741 promoter to be about as efficient as a promoter for an rRNA cistron. Nevertheless, the lac-741 promoter, like the wild-type promoter, is dependent on CAP protein and cyclic AMP (Table 2) . lac-741 haploid strains also respond to exogenous cyclic AMP as the wild type does (not shown).
DISCUSSION
In a fully induced wild-type haploid strain of E. coli, the steady-state level of lac mRNA is about 1% of the total mRNA (19) . This means that in lac-741 haploid strains, which synthesize lac mRNA of normal chemical stability at 25 times the wild-type rate, lac mRNA should account for about 20% of the total mRNA. It is hard to predict what physiological consequences this imbalance would have, and a more detailed analysis is needed. However, the fluctuations in the differential rate of synthesis of j#-galactosidase in the mutant, unaccompanied by fluctuations in the level of lac mRNA, already suggest complicated interactions. The lowered inducibility of lac-741 in the presence of excess normal lac repressor also requires further explication.
Since lac-741 haploids have a normal complement of lac DNA, their increased rate of synthesis of lac mRNA is most likely due to the presence of a new promoter for the lac operon with an unusually high affinity for RNA polymerase. The cis dominance of lac-741 is consistent with this interpretation.
If, as seems likely, the new promoter is within the i gene (Bruenn and De Lucia-Curtin, in preparation), then transcription of the rest of the lac operon in the mutant must result from rather efficient read-through beyond the end of the i gene into the operator and normal promoter, then into the lac structural genes. Normally, there is probably a signal for transcription termination at the end of the i gene (2). There could be read-through, however, if this termination site is not very effective or, alternatively, if in the original isolate the termination site is altered or deleted.
There is precedent for promoters of increased efficiency or abnormal location. The UV5 lac promoter is a highly efficient CAP-and cAMP-independent promoter with a location distinct from that of the wild-type lac promoter (3, 23). lac-741 could be an alteration of an existing internal promoter, as in the trp operon (24) . The original promoter may not necessarily have been CAP-or cAMP-dependent, since in at least the case of the leu operon (25) a mutational alteration can make a promoter catabolite-sensitive. Alternatively the 741 mutation could be a modified nonpromoter nucleotide sequence, or an insertion of a "foreign" catabolite-sensitive promoter.
